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SPECIFICATION 

Process for purifying silicon 



5 The invention relates to a process for purifying silicon, especially for the purpose of manufacturing 
solar-quantity silicon. 

As a result of the increasing importance of solar cells in the production of energy, there have recently been 
various attempts to purify industrial silicon having a purity of at least 95 %, so-called crude silicon, in such a 
manner that it is suitable for manufacturing solar cells. ... 

10 QH-ps 567 435 and US-PS 2 972 521 describe the purification of crude silicon using acids or mixtures of • / 10 
acids. However, it is not possible to remove certain impurities, such as, for example, boron or phosphorus, * 
using these. . o : h . 

DE-PS 1 022 806 and DE-OS 2 706 175 describe processes in which purification is carried out with the aid of 
a slag treatment such as, for example, with the aid of a silicate melt; in these processes, however, the T v ' } : 

15 purifying effect is restricted to the elements calcium and aluminium. ] "| l 15 1 

Even with a combination of the acid and slag treatments described, it is not possible to obtain silicon W i'^ 
form suitable for manufacturing solar cells. For example, according to DE-OS 2 729 464, the crude silicon is" ' 
brought into contact with an extraction melt before the acid treatment; nevertheless it is not possible in this 
way to remove, for example, the elements boron or phosphorus. 

20 Although processes whose purifying action extends to all undesired foreign bodies have also been ■» 20 
described, they are either too complex, and thus too uneconomical, or do not produce the desired degree of > 
purity. In DE-OS 2 933 164, for example, a multi-stage process is described in which the extraction melting 
process is followed by an acid treatment and a vacuum treatment, but, even after melting and solidifying for 
a second time, only a moderate, and in no way adequate, purifying effect can be achieved in respect of 

25 boron. ' 25 

The process described in DE-OS 2 944975, in which silicon is reacted in the molten state with barium '* '^ f 4 
carbonate, provides a sufficient degree of purity in respect of boron, but, because of the very high ^ 
temperatures required and the need additionally to blow in an oxidising gas, e.g. oxygen, or steam, in order 
to obtain a sufficient degree of purity, it is very labour- and cost-intensive. . 

30 There is therefore a need for a process for purifying silicon which does not possess the disadvantages 30 
indicated and by means of which silicon can be obtained, in a simple, economical manner not requiring a 
great amount of work, which possesses the purity required for manufacturing solar cells, especially purity in 
respect of boron. 

The present invention provides a process for the purification of crude silicon by treatment with a molten " 
35 slag comprising an alkali metal oxide or alkaline earth metal oxide or a mixture of two or more thereof, which 35 
comprises mixing crude silicon in comminuted form with at last a part of the slag and/or compdrient(s) 
which when molten would form the slag, before melting is carried out. ' 

The term "crude silicon" is to be understood to include, for example, metallurgical crude silicon, which 
may have, for example the following composition: 

40 40 

95 - 99 % Si 

0.2 - 1 % Fe 
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45 
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v . or<0.02%Ti by selecting a particular grade of quartz. Usually the silicon content is 97 to 99%. See also 
Ullmanns Encyklopadie der technischen Chemie, 4, Band 21 , page 426 and DurrerA/olkert, Metallurgie der 
Ferrolegierungen, G. Volkert, K. -D. Frank, Springer-Verlag, 2, pages 529, 532 and 533. 
The slag denotes an oxide or oxide mixture or composition comprising oxide(s); the substances must be 
55 substantially pure and, especially, substantially free from boron and phosphorus. 55 
By treatment with a melt comprising the above oxide(s) it is possible to achieve a purification of the silicon 
such that it is suitable for manufacturing solar cells. 
Instead of the oxides it is also possible to use as slag-forming agents compounds which can be converted 
tj; into the oxides under the conditions used, such as, for example, the carbonates and hydroxides of alkali 
60 metals and alkaline earth metals, which are converted to the oxides by splitting off carbon dioxide or water. 60 
^ Other compounds may also be suitable, e.g. the corresponding oxalates. 

It is also possible to use mixtures of two or more alkali metal and/or alkaline earth metal compounds. 
The alkaline earth metal compounds used are especially magnesium oxide, calcium oxide, strontium 
oxide and/or barium oxide, and/or the carbonates and/or hydroxides producing these oxides, and the alkali 
65 metal compounds are especially lithium oxide, sodium oxide and/or potassium oxide, and/or the 65 
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corresponding carbonates and/or hydroxides. 1 ~ 

The process may advantageously be carried put in i the. presence of a suitable flux, such as, for example, 
magnesium fluoride and/or calcium fluoride, and/or in the presence of a diluent, such as, for example, oxides 
of metals in the 2nd to 4th groups of the Periodic Tab!e.. r A suitable di I uent for alkaline earth metal,oxides is, 
5 for example, an oxide of a group IV metal, e.g. silica; arici aVuitabie'diluent for alkali metal oxides is, for 5 
example, an oxide of a group II to IV metal, e.g. alumina or/and silica. r; . x ^* x 

The slag preferably comprises * v " 

(i) from 20 to 1 00 %, especially 20 to 65 %, by weight of alkali metal oxide and/or alkaline earth metal , v i 

oxide or slag-fprming componentfs), . _ ,^ f . „ . v -...: )it ,.", f ^ -. V,,.^ J' " 

10 0r (»)- c frpVn ^ - ^~ *■ V v-IVY- 'w - I - X.V' in 

(iii) ^Oto'^ 

T™ s l a 5 ^avantageousjy^compris^ slag is.no. * c , f j 

more' thah?pr^rably1'en r ^nri 6 ppm anoYif necessVry/fe pr^eferably^^rl 
less than, 1 00 ppm. Thus, for example, the slag may be a pure oxide or mixture thereof or substancets) which r 
15 can be converted into oxide(s) under the conditions used. r : , : , . y 15 

Accordingly, the present invention also provides a process for the purification of crude silicon by 
treatment with a molten slag comprising an oxide or oxidamjxture.wherein the content ofboron is no 
greater than 10 ppm and preferably the content of phos^hofusis no g 100 ppmVwhTch comprises 

mixing the crude silicon in comminuted form with at least a part of the slag and/or component(s)jwhich 
20' when molten would form the slag, before melting is carried *out^ * 20 

The average particle size of the comminuted crude silicon is preferably from 10 \xn\ to 1 mm, especially.^- r .^~\ 
from 40 u,m to 1 00 nm. The com" r v 

insuitable*mills;suc^ 
apprbximateh 

25* The slag or part thereof rnaylfpr exam pe, also be comminuted before w gramsize of the -25 

slag^sh^ 3 '^^^^^ 

The average particle size of the slag or slag-forming componentfs) is preferably also from 10 jim to 1 mm/ 
especially from 40 [im to 1 0Ojim. Thus, the slag or slag-formirjg.com may have the same grain 

spectrum as the comminuted crude silicon. Thus/for*e1car^ orsiag-forming components) may 

30 L be comminuted as described above for the silicon. Jt is therefore also possible to carry butthe,comminution 30 
of the crude silicon and the slag or slag-forming components) together. This greatly assists in ensuring 
intensive mixing of the silicon and slag or slag-forrning components. -^uWO 

If the components of the slag which are mixed tog ether Have 'a 'fine grain size no further comminuting, 
milling etc. is necessary. ^ rr**v* 

35 - - The process may be carried out, for example, by mixing the'comminuted crude silicon intensively with the 35 
total amount of the likewise comminuted slag and/or slag-forming component(s) and then melting this- r ^c;. s ^ j 
mixture, or by mixing the ; crude silicon with only paij,fpj f exam pie a third to two thirds, of t tne.'comminu 
slag or sfe$-fo^ aj^ "J^-V-,- , : 

preferred ? emb6"dimeht; th^cbm . ( 

40 slag-forming component(s) apd this mixture is^theff added, : p ref era biy slowly /to^ other,' molten, 'half. The 40 
two parts of the slag may have the same or different composition. Usually, however, the alkali, metal oxide or 
alkaline earth metal oxide or slag-forming componeht(s) are present in both parts. 

Melting may be effected in a customary furnace suitable for the purpose, such as, for example, in an 
electrical resistance furnace or an induction furnace. The melting temperature is usually from 1400 to 1 600°C, 
45 especially approximately 1500 C C. tt% . ' 45 

The ratio of crude silicon to slag orsiag-forming componentfs) may be, for example, 1 : 0.2 to 1 : 4, 
especially 1 : 0.3 to 1 : 3. Thus, preferably, the ratio of silicon to.alkaline earth metal oxide and/or alkali metal 
oxide is 1 : 0.2 to 4, especially 1 : 0.3 to 3. 
After all the solid constituents are completely molten, the silicon melt may be drained or poured off. A - 
50 longer residence time is generally unnecessary. However, in order to obtain silicon having an especially high 50 
degree of purity, it may be advantageous for/the process according to the invention to be followed, by a 
known aciri treatme^ r ' . 

By means of the process according to the' invention it is ; possible, 'surprisingly, to obtain siliconwhich has a 
much higher degree of purity than silicon obtained by previous slag treatment methods. It is possible, » 
55' especially, to reduce the boron content of the crude silicon from approximately .40 ppm tb'appfoximateIy.3to 55 
4 ppm.jt is thus possible ( by;means [ofthe pj^^ss^of the invention to obtain ih'a simpleand 'economical !. v 
manner silicon- which, because oHts purity; ii very suitable for manufacturing solar bells.' ' 
The following Examples illustrate the invention. . , v 

^•Example 1 / ^ : ' .• ■ • - • ; " % 0 

2.0 kg of metallurgical grade silicon of the customary composition were ground to.a mean particle size of 
40 um, mixed intensively with 5.5 kg of a slag having a grain size of 10 to 600 /uri' consisting of 41 % by weight*.* 
of magnesium oxide, 41 % by weight of silica and 18 % by weight of calcium . fluoride and having a boron* 
content of «s 10 ppm and added slowly to a further 5.5 kg of an already molten slag/ After subsequent acid 

65 purification, the silicon had me following purity: 65 
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iron . Q;003% by weight 

Aluminium 0.0015 % by weight • . . . 

5 Calcium : ' ^ 0.01 % by weight , , : 5 

Boron 3 ppm. 

Example? : .y - 

10 1.0 kg of metallurgical grade silicon of the customary composition was crushed to a mean particle size of 10 . 
1 mm, mixed intensively with 2.75 kg of a slag having a grain size of 10 to 600 jim consisting of 41 % by : 
weightof barium hydroxide, 41 % by weight of silica and 18% by weight of calcium fluoride and having a . 
boron content of s= 10 ppm and adcied slowly to a further 2.75 kg of an already molten slag. After subsequent 
acid purification; the silicon had the following purity: 

15 — - ' ' * ' : '/ ' . ,.';;/. ; " \; . ... : 15 ? 



Aluminium < 0.01 % by weight 

Calcium' ' ^ ■ j t i < 6.01 °A by weight'' 



20 ' " Boron 1 ' " " '2 ppm. . * it " ? ^ ./'. . ' ^ .[ ^^.l^ ' , s ' r .. ^ tK;t f2Q LK 

Example 3 

1 .0 kg of metallurgical grade silicon of the customary composition was ground to a mean particle size of 40 
jim, mixed intensively with 2.8 kg of a slag haying a boron content of 1 0 ppm consisting of 50 % by weig ht 
25 of sodium hydroxide of grain size 1 mm and 50 % by weight of silica of an average grain size of 100 |xm and 25 
added slowly to a further 2.8 kg of an already molten siag. After subsequent acid purification, the silicon had 
the following purity: r . 

. : Iron 1 <: 0.02% by weig ht . 

30 1 - * * 30 

Aluminium < 0.01 % by weight 

Calcium < 0.01 % by weight 

35 Boron 1 ppm. 35. 

Comparison example , . V / ; 

When the metallurgical grade silicon used in Examples 1 to 3 was subjected to a slag treatment in the 

manner known hitherto, by add m r . 

40 silicon obtained had the following purity after subsequent acid treatment: . 40 

' iron 0 ! -vv 0.01 %by weight .' . [ . . 

~ Aluminium''' 0.02 % by weight . 

45 ^ * Vs : , . -.,45 

: Calcium v 0.01 % by weight 

Boron :,rs 36ppm. , - * v 

50 CLAIMS ' "* ' ^ :: i . : : . ., 50 



1 . A process for the purification of crude silicon by treatment with a molten slag comprising an alkali 
meta I oxi de p r a I ka I i h e earth m eta I oxi d e or two or mo re such 6x|des^ which co m prise m ixi n g the crude - 
silicon in comminuted form with the slag and/or a compqnent(s) which when molten would form the slag, v .. 



55 before meltihgis carried out.' : l r **?..i -'^ ^ ^. ; ' J v * \s^, - ' ^' r<3 , \ V 1C ^ 

2; A process c as clairned in clairri 1 f wherein the boron content ^ no more than 1 0 ppm A U X 

3. A process as claimed in claim 1 or ^ciaim 2^whereiri,the phosphorus content of the slag is no more than ; T 

100ppm. ^ '" 4 ' } i,iMj " ir: " l * ' ' \ ' .',^rr i3 v^!U; t ^v-.o:r,^:^ t v/-jV''Vv.^s' i ,5 

4. A process as claimed in any one of claims 1 to 3, wherein the comminuted crude silicon is mixed with 

60 the total amount of comminuted slag or slag-forming component(s) and melted. - 60 ^ 

. - C 9 5. A process as cl a i m ed i n a ny one of cl aims 1 r to 3, wh erein the cp m m i n uted c ru d e si I i co n i s m ixed with 
part of flTexo mm i n uteci si ag o r s lag -f o rrh i ng cb m p o n e ht{ s) a h d th i s m ixtu re is a dded to th e re m a i n d e r of th e 

slag; which'is molten.- _ " , ^ ^ .... ; .... . :: . , 

6. A process as claimed in claVm 5, wherem the ^ comminuted crude silicon is .mixed with approximately t : - 
65 half of ^the ^tag or slag-formirig cbmponent(sj and added to the other half of the slag, which is molten. : . 65 . 
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7. A process as claimed in any one of claims 1 to 6, wherein the slag comprises an oxide, carbonate or 
hydroxide of an alkali metal or alkaline earth metal or mixture of two or more such compounds. 

8. A process as claimed in any one of claims 1 to 7, carried out in the presence of a flux. 

9. A process as claimed in claim 8, wherein the flux is magnesium fluoride or calcium fluoride. 

5 10. A process as claimed in any one of claims 1 to 9, carried out in the presence of an oxide diluent 5 

11. A process as claimed in claim 10, wherein the slag comprises an alkaline earth metal oxide and silica 
diluent, or an alkali metal oxide and aluminium oxide and/or silica diluent. 

12. A process as claimed in any one of claims 1 to 1 1, wherein the slag comprises from 20 to 100 % by 
weight of alkali metal oxide(s) and/or alkaline earth metal oxide bran amount of component which when 

10 molten would form this amount of oxide, from 0 to 40 % by weight of flux and from 0 to 80 % by weight of 10 
diluent. 

13. A process as claimed in any one of claims 1 to 12, wherein the alkaline earth metal oxide(s) are 
magnesium oxide, calcium oxide, strontium oxide and/or barium oxide. 

14. A process as claimed in any one of claims 1 to 1 3, wherein the alkali metal oxide(s) are lithium oxide, 
15 sodium oxide and/or potassium oxide. ' 

15. A process as claimed in any one of claims 1 to 14, wherein the average particle size of the J 
comminuted crude silicon is from 10 junto 1 mm. 

16. A process as claimed in claim 15, wherein the average particle size of the comminuted crude silicon is 
from 40 \im to 1 00 pm. 

20 17. A process as claimed in any one of claims 1 to 16, wherein the average particle size of the slag or 2 0 
slag-forming component(s) is from 10 p.m to 1 mm. 

18. A process as claimed in claim 17, wherein the average particle size of the slag or slag-forming 
component(s) is from 40 urn to 100 um. 

19. A process as claimed in any one of claims 1 to 1 8, wherein melting is carried out at a temperature of 

25 from 1 400 to 1 600°C. 25 

20. A process as claimed in any one of claims 1 to 1 9, wherein the weight ratio of crude silicon to alkaline 
earth metal oxide and/or alkali metal oxide is from 1 : 0.2 to 1 : 4. 

21. A process as claimed in claim 20, wherein the weight ratio of crude silicon to alkaline earth metal 
oxide and/oralkali metal oxide is from 1 : 0.3 to 1 : 3. 

30 22. A process as claimed in any one of claims 1 to 21 , wherein the crude silicon is metallurgical grade 30 
silicon. 

23. A process as claimed in any one of claims 1 to 22, which includes a purifying vacuum treatment or 
acid treatment of the silicon. 

24. A process as claimed in claim 1, carried out substantially as described in any one of Examples 1 to 3 
35 herein. 

25. Silicon, whenever purified by a process as claimed in any one of claims 1 to 24. 
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